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The U n i v e r s i t y  o f  Michigan B i o l o g i c a l  S t a t i o n  was e s t a b l i s h e d  
i n  1 9 0 9  a t  Douglas Lake n e a r  P e l l s t o n ,  Mich igan ,  a s  a  t e a c h i n g  
and r e s e a r c h  f a c i l i t y .  I t  o c c u p i e s  a  20,000-acre  t r a c t  o f  
s e m i - w i l d e r n e s s  i n  n o r t h e r n  lower  Mich igan ,  su r rounded  by a  
r e m a r k a b l e  v a r i e t y  o f  up land  and lowland  d e c i d u o u s  and c o n i f e r o u s  
f o r e s t s ,  meadows, marshes ,  b o g s ,  d u n e s ,  l a k e s  and s t r e a m s .  The 
t h r e e  upper  Grea t  Lakes  - Michigan ,  Huron and S u p e r i o r  - a r e  
n e a r b y .  As t h e  l a r g e s t  and one o f  t h e  most  d i s t i n g u i s h e d  i n l a n d  
b i o l o g i c a l  s t a t i o n s  i n  t h e  w o r l d ,  i t  s e r v e s  a s  an i n t e l l e c t u a l  
m e e t i n g  p l a c e  f o r  b i o l o g i s t s  and s t u d e n t s  from t h e  U n i t e d  S t a t e s  
and around t h e  w o r l d .  
The B i o l o g i c a l  S t a t i o n  i s  w e l l - e q u i p p e d  f o r  i n v e s t i g a t i o n s  o f  
t h e  d i v e r s e  n a t u r a l  e n v i r o n m e n t s  around i t .  I n  a d d i t i o n  t o  
t h e  modern,  w i n t e r i z e d  L a k e s i d e  L a b o r a t o r y ,  wh ich  was funded 
by  t h e  N a t i o n a l  S c i e n c e  Founda t ion ,  t h e  S t a t i o n  has  140 
b u i l d i n g s ,  i n c l u d i n g  l a b o r a t o r i e s ,  c l a s s r o o m s ,  and l i v i n g  
q u a r t e r s  f o r  up t o  300  p e o p l e .  S p e c i a l  f a c i l i t i e s  i n c l u d e  a  
l i b r a r y ,  s t u d y  c o l l e c t i o n s  o f  p l a n t s  and a n i m a l s ,  a  l a r g e  
f l e e t  o f  b o a t s ,  and a  f u l l  a r r a y  o f  modern l a b o r a t o r y  and 
f i e l d  e q u i p m e n t .  The S t a t i o n  o f f e r s  t r a n q u i l i t y  and harmony 
w i t h  n a t u r e  - i t  i s  a  p l a c e  where p l a n t s  and a n i m a l s  can b e  
s t u d i e d  a s  t h e y  l i v e .  
D r .  David M .  G a t e s ,  D i r e c t o r  o f  t h e  S t a t i o n  s i n c e  1971,  and 
Mark W .  Paddock,  A s s i s t a n t  t o  t h e  D i r e c t o r ,  have promoted 
new and e x c i t i n g  f i e l d s  o f  r e s e a r c h ,  i n c l u d i n g  problem- 
o r i e n t e d  r e s e a r c h  t o  h e l p  cope  w i t h  emerg ing  e n v i r o n m e n t a l  
prob Zems. 
The S t a t i o n  i s  c u r r e n t l y  u n d e r t a k i n g  s p e c i f i c  i n v e s t i g a t i o n s  
i n  n o r t h e r n  l ower  Mich igan  t o  p r o v i d e  i n f o r m a t i o n  abou t  t h e  
Zand, t h e  w a t e r ,  and t h e  peop l e  i n  t h e  a r e a .  R e s u l t s  a r e  
made a v a i l a b l e  t o  communi ty  l e a d e r s  f o r  u s e  i n  l o n g - t e r m  Zand- 
u s e  p l a n n i n g .  I n  a d d i t i o n ,  many r e s e a r c h  p r o j e c t s  a r e  underway ,  
geared  toward a  b e t t e r  u n d e r s t a n d i n g  o f  t h e  s t r u c t u r e  and f u n c t i o n  
o f  b o t h  a q u a t i c  and t e r r e s t r i a l  e c o s y s t e m s .  
T h i s  p u b l i c a t i o n  i s  one o f  a  s e r i e s  o f  r e p o r t s  t h a t  a r e  i s s u e d  
p e r i o d i c a l l y  t o  d i s s e m i n a t e  i n f o r m a t i o n  on r e s e a r c h  g e n e r a t e d  
a t  t h e  B i o l o g i c a l  S t a t i o n .  For f u r t h e r  i n f o r m a t i o n  c o n c e r n i n g  o t h e r  
p u b l i c a t i o n s  i n  t h i s  s e r i e s  o r  i n f o r m a t i o n  on t h e  B i o l o g i c a l  
S t a t i o n  i n  g e n e r a l ,  a d d r e s s  i n q u i r i e s  t o :  The U n i v e r s i t y  o f  
Michigan B i o l o g i c a l  S t a t i o n ,  P e l l s t o n ,  Mich igan  4 9 7 6 9  (Phone 
616-539-8406) .  
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The r i p a r i a n  r e s i d e n t s  o f  Munro Lake,  Cheboygan County, 
Michigan have been concerned  i n  r e c e n t  y e a r s  w i t h  t h e  w a t e r  q u a l i t y  
and sed imen t  b u i l d  up i n  t h e i r  l a k e .  I n  p a r t i c u l a r ,  t h e  Munro 
Lake A s s o c i a t i o n  h a s  begun e x p l o r i n g  t e c h n i q u e s  o f  p r e v e n t i n g  t h e  
p e r i o d i c  w i n t e r  k i l l  o f  f i s h  i n  t h e  l a k e ,  and i s  c o n s i d e r i n g  t h e  
p o s s i b i l i t y  of  d r e d g i n g .  Lake management measures  such  a s  t h e s e  
demand c o n s i d e r a b l e  e c o l o g i c a l  s t u d y  i f  t h e y  a r e  t o  a c h i e v e  t h e  
r e s u l t s  d e s i r e d .  The l imnology c l a s s  a t  t h e  U n i v e r s i t y  o f  
Michigan B i o l o g i c a l  S t a t i o n  a c c o r d i n g l y  conduc ted  a  s t u d y  o f  t h e  
l a k e  d u r i n g  t h e  summer o f  1978.  The r e p o r t  which f o l l o w s  i n c l u d e s  
p h y s i c a l ,  chemica l  and b i o l o g i c a l  i n f o r m a t i o n  c o n c e r n i n g  t h e  
p r e s e n t  s t a t e  o f  Munro Lake,  and s p e c i f i c a l l y  a d d r e s s e s  two 
q u e s t i o n s  conce rn ing  t h e  l a k e ' s  p o s s i b l e  f u t u r e :  
1 . )  What might  be  t h e  e f f e c t s  o f  i n c r e a s e d  hous ing  development  
a l o n g  t h e  l a k e s h o r e ?  
2 . )  What might  be t h e  e f f e c t s  o f  d r e d g i n g  upon w a t e r  q u a l i t y  
i n  t h e  l a k e ?  
A ma jo r  pu rpose  o f  t h e  r e p o r t  i s  a  tho rough  documenta t ion  o f  t h e  
p r e s e n t  c o n d i t i o n  o f  t h e  l a k e ,  hence  t h e  f a i r l y  t e c h n i c a l  n a t u r e  
of  much o f  what i s  i n c l u d e d  h e r e i n .  
I n  compi l ing  t h i s  r e p o r t ,  t h e  c l a s s  drew e x t e n s i v e l y  upon 
p u b l i s h e d  and u n p u b l i s h e d  i n f o r m a t i o n  from a  RANN s t u d y  (Gannon 
and Paddock,  1974) of  t h e  w a t e r s h e d s  o f  Emmet and Cheboygan 
C o u n t i e s  and wishes  a l s o  t o  acknowledge t h e  gene rous  t e c h n i c a l  
s u p p o r t  and a d v i c e  o f  A r t  Gold ,  r e s e a r c h e r  i n  r e s i d e n c e  a t  t h e  
B i o l o g i c a l  S t a t i o n .  I n  a d d i t i o n ,  we would l i k e  t o  t h a n k  many o f  
t h e  l a k e s h o r e  r e s i d e n t s  f o r  t h e i r  h e l p  i n  p r o v i d i n g  i n f o r m a t i o n  
abou t  t h e  l a k e .  
MORPHOMETRI C FEATURES 
Munro Lake,  l o c a t e d  i n  Cheboygan County,  Michigan (N 45' 37 '  , 
W 84" 4 1 ' )  i s  a  s h a l l o w ,  h a r d w a t e r  l a k e  of  g l a c i a l  i c e  b l o c k  
o r i g i n .  The l a k e  has  a  maximum l e n g t h  o f  1 . 7  m i l e s ,  and a s u r -  
f a c e  a r e a  of 529 a c r e s ;  compared t o  i t s  l a r g e  a r e a l  s i z e ,  
however,  Munro L a k e ' s  mean d e p t h  i s  o n l y  4 . 8  f e e t ,  and none o f  
t h e  l a k e ' s  s e v e r a l  b a s i n s  exceed  1 5  f e e t  i n  d e p t h  ( F i g .  1 ) .  
The p r e s e n t  s h a l l o w  n a t u r e  o f  Munro Lake i s  t h e  r e s u l t  o f  a  
g r a d u a l  f i l l i n g  i n  o f  i t s  b a s i n s  s i n c e  t h e i r  f o r m a t i o n  d u r i n g  
t h e  f i n a l  P l e i s t o c e n e  g l a c i a l  advance some 12,000 y e a r s  ago 
(Dorr  and Eschman, 1 9 7 7 ) .  I n  o r d e r  t o  d e t e r m i n e  t h e  d e p t h  o f  t h e  
o r i g i n a l  l a k e ,  a  s e r i e s  of  c o r e s  were t a k e n ,  u s i n g  6 f o o t  l e n g t h s  
o f  3 /4  i n c h  p i p e  j o i n e d  t o g e t h e r  w i t h  p lumbers  f i t t i n g s .  The 
c o r e s  were t a k e n  a t  f o u r  l o c a t i o n s  on t h e  l a k e  on J u l y  25 ,  1978 
( F i g .  2 ) .  The s e d i m e n t s  a t  t h e  s u r f a c e  o f  a l l  f o u r  c o r e s  c o n s i s t e d  
o f  a  f l o c c u l e n t  o r g a n i c  m a t e r i a l  which o n l y  g r a d u a l l y  became more 
compacted w i t h  d e p t h .  Highly  compressed s e d i m e n t s  b e n e a t h  t h i s  
f l o c c u l e n t  m a t e r i a l  were r e a c h e d  i n  c o r e s  I , I I ,  and I V ,  s u g g e s t i n g  
t h a t  t h e  o r i g i n a l  l a k e  b a s i n  l a y  a t  o r  c l o s e  t o  t h e s e  d e p t h s .  No 
such  s e d i m e n t s  were found i n  c o r e  111, and t h e  l a r g e  c e n t r a l  
b a s i n  u n d o u b t e d l y  was c o n s i d e r a b l y  d e e p e r  t h a n  t h e  23 f e e t  
p e n e t r a t e d  by t h e  c o r i n g  d e v i c e  u s e d .  
MUNRO LAKE 
MORPHOMETRIC FEATURES 
( F i g .  1) 
PHYSICAL DATA 
MAXIMUM DEPTH 15 FT. 
SCALE 
AVERAGE DEPTH 4.8 FT. 
MAXIMUM WIDTH .8 MI. 
MAXIMUM LENGTH 1.7 MI. 
SHORELINE 4.5 MI. FEET 
SURFACE AREA 0 529ACRES 2 
WATERSHED AREA 228OACRES 1 




DEVELOPMENT FACTOR 14 
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!clay, s i l t  
F i n e ,  sandy muck 
6::: Dark brown t o  b l a c k  g e l a t i n o u s  
m a t t e r  
Mixture  of above and below 
Thick s i l t  w i t h  some c l a y  and 
g r e y  CaC03 
5 f e e t  
17 f e e t  
6 i n c h e s  
6 i n c h e s  
1 0  f e e t  
1 3  f e e t  
5 f e e t  
- ,/ 
14% f e e t  
1 f o o t  
3 inches  
3 inches  
6 f e e t  
. ... . 
, * .< 
14% f e e t  
2 f e e t  
1% i n c h e s  
6 i n c h e s  
" * a  S o f t  brown f l o c c u l e n t  
k,.. . R Dark compressed o r g a n i c  m a t t e r  
Brown, a n a e r o b i c ,  n o n - g r i t t y  s o l i d  
~ u d l b r o w n  g e l a t i n o u s  m a t t e r  m i x t u r e  
F i g .  2 L o c a t i o n  a n d  s e d i ~ n e n t  a n a l y s i s  o f  cores t a k e n  f rom Flunro 
Lake, J u l y  7 ,  1 9 7 8 .  
PHYSICO-CHEMICAL MEASUREMENTS 
The shallow nature and comparatively large size of Munro 
Lake result in virtually continuous wind-driven mixing of the entire 
water column (Fig. 3). Thus, not only are water temperatures 
closely alligned to fluctuating air temperatures, but these 
temperatures are quite uniform from the surface to the sediments, 
High dissolved oxygen concentrations in most of the water column 
also reflect this mixing (Table I). When ice does not cover 
the lake, oxygen concentrations can be expected to maintain high 
saturation values, reflecting diffusion from the atmosphere as 
well as oxygen production through photosynthesis. 
Table I. Chemical Measurements, July 7, 1978 
Depth D.O. % Free C02 HC03 
(ft . 1 ppm Sat. p~ (PP~) co3 (PP~) (PP~) 
2 8.8 108 8.6 0 94 4 
5 8.8 108 8.7 0 92 6 
8 8.8 108 8.8 0 92 6 
11 (sedi- .2 3 8.6 0 94 4 
ment s) 
Depth Total Hardness Turbidity Chloroph 11-a 
(ft . )  Alk. ppm (as ppm CaCOs) - (as ppm SiO?) - (mg -m-V) 
Munro Lake is a moderately hardwater lake due to high 





s o i l s  o f  i t s  w a t e r s h e d .  The h i g h  a l k a l i n i t y  v a l u e s ,  which measure 
t h e  combined c o n c e n t r a t i o n s  of  f r e e  c a r b o n  d i o x i d e  (C02) ,  
b i c a r b o n a t e  i o n s  (HCOj) and c a r b o n a t e  i o n s  ( c o ~ ) ,  a r e  a l s o  
c h a r a c t e r i s t i c  of  h a r d w a t e r  l a k e s  i n  t h i s  a r e a .  The s o u r c e s  of  
i n p u t  o f  a l k a l i n i t y  t o  Munro Lake a r e  ca rbon  d i o x i d e  from t h e  
a tmosphere  a s  w e l l  a s  v a r i o u s  c a r b o n a t e s  from i t s  w a t e r s h e d .  
High pH ( b a s i c i t y )  o f  t h e  w a t e r  r e s u l t s  i n  p a r t i c u l a r l y  h i g h  
r e l a t i v e  c o n c e n t r a t i o n s  o f  c a r b o n a t e  i o n s  (Cole 1 9 7 5 ) ,  and t h i s  
f r e q u e n t l y  combines w i t h  c a l c i u m  and p r e c i p i t a t e s  o u t  o f  t h e  
w a t e r  a s  a  f l o c c u l e n t  y e l l o w i s h  o r  g r a y i s h  m a t e r i a l  known a s  
m a r l .  Munro Lake i s  n o t  u n i q u e  i n  i t s  mar l  p r o d u c t i o n ;  Douglas 
Lake ,  Larks  Lake,  Carp Lake, and many of t h e  o t h e r  l a k e s  of  t h i s  
r e g i o n  a l s o  have mar ly  bot tom m a t e r i a l .  Marl c o v e r s  most of  t h e  
sandy e a s t e r n  s h o r e  of Munro Lake t o  a  d e p t h  of  o n l y  a  few i n c h e s .  
I n  t h e  more p r o t e c t e d  o r  d e e p e r  p o r t i o n s  o f  t h e  l a k e ,  however ,  
t h e  m a r l  i s  k e p t  i n  s u s p e n s i o n  t o g e t h e r  w i t h  f i n e  p a r t i c l e s  o f  
o r g a n i c  o r i g i n .  
T a b l e  11. F i v e  decades  of  measurements of  Munro Lake (from 
Welch, and Gannon, unpub l i shed  d a t a .  
T o t a l  mhos -crn'l 
Date  Source  P H  A l k a l i n i t y  (ppm) C o n d u c t i v i t y  
23 J u l y  43 
21 J u l y  36 
28 J u l y  37 
2 J u l y  40 
8  Aug. 49 
10  Aug. 49 
Summer 7 3  
Summer 74 




1 1  
F a i r c h i l d  
These  p r o p e r t i e s ,  a l t h o u g h  t h e y  v a r y  s e a s o n a l l y  t o  some 
e x t e n t ,  a r e  s e e n  t o  have remained e s s e n t i a l l y  c o n s t a n t  o v e r  t h e  
p a s t  44 y e a r s  (Tab le  11). C o n d u c t i v i t y ,  an e x p r e s s i o n  o f  t h e  
t o t a l  numbers of  i o n s  p r e s e n t  i n  t h e  w a t e r  and t h u s  an i n d i c a t i o n  
o f  n u t r i e n t  i n p u t  i n t o  t h e  l a k e ,  h a s  shown a  g r a d u a l  i n c r e a s e  
s i n c e  measurement was f i r s t  begun o v e r  f o u r  decades  ago. T h i s  
i n c r e a s e  i s  p r o b a b l y  a  consequence  o f  i n c r e a s e d  hous ing  development 
a l o n g  t h e  l a k e s h o r e .  
The c o n c e n t r a t i o n s  o f  p a r t i c u l a r  i o n s  i n  t h e  l a k e  were 
measured i n  1973 and 1974 (Tab le  1 1 1 ) ,  u s i n g  a  Pe rk in -E lmer  Atomic 
A b s o r p t i o n  Spec t ropho tomete r  and Technicon A u t o a n a l y z e r  11. 
T a b l e  111. Ion  C o n c e n t r a t i o n s  i n  Munro Lake ,  1973-4  (Gannon, 
u n p u b l i s h e d  d a t a )  
Ca ( P P ~ )  
Mg ( P P ~ )  
K ( P P ~ )  
Na ( P P ~ )  
S i@2 ( P P ~ )  
P@4-P ( P P ~ )  
T o t a l  -P (ppb) 
( P P ~ )  
NH3;N (PPb) 
a v a l l .  N / a v a i l .  P 
S p r  73 
The p r i m a r y  p r o d u c e r s  o f  blunro Lake,  t h e  a q u a t i c  v a s c u l a r  
p l a n t s  and a l g a e ,  each  r e q u i r e  s l i g h t l y  d i f f e r i n g  c o n c e n t r a t i o n s  
of  t h e s e  i o n s .  The m i c r o n u t r i e n t s  Ca, Mg, K and Na a r e  needed 
o n l y  i n  s m a l l  q u a n t i t i e s ,  and a r e  n o t  b e l i e v e d  t o  be l i m i t i n g  
t o  p l a n t  p r o d u c t i o n  i n  Munro Lake. S i l i c a  (SiO2) i s  needed i n  
abundance by t h e  dominant  a l g a e  o f  t h e  l a k e ,  t h e  d i a t o m s .  These 
a r e  t y p i c a l l y  most abundant  d u r i n g  t h e  S p r i n g  (Cole 1 9 7 5 ) ,  and 
a p p e a r  t o  r e d u c e  t h e  S i 0 2  c o n c e n t r a t i o n s  i n  Munro Lake a t  t h a t  
t i m e  ( T a b l e  111). 
The m a c r o n u t r i e n t s ,  a v a i l a b l e  n i t r o g e n  (NH3-N and NO3-N) and 
a v a i l a b l e  phosphorus  (PO4-P) a r e  needed by p r imary  p r o d u c e r s  i n  
much l a r g e r  q u a n t i t i e s  and a r e  t h e r e f o r e  g e n e r a l l y  l i m i t i n g  t o  
p l a n t  growth  i n  l a k e s  o f  t h i s  r e g i o n .  N a t u r a l  a l g a l  communit ies  
a r e  known t o  u t i l i z e  N i t r o g e n  and Phosphorus i n  t h e  r a t i o  1 2 : l  
t o  1 4 : l  (Cole  1 9 7 5 ) .  Diatoms i n  p a r t i c u l a r  a r e  known t o  " luxury  
consume" l a r g e  q u a n t i t i e s  o f  a v a i l a b l e  Phosphorus i n  t h e  S p r i n g  
when t h e y  a r e  a b u n d a n t ,  and a p p e a r  t o  r e d u c e  s u b s t a n t i a l l y  t h e  
c o n c e n t r a t i o n  of  a v a i l a b l e  Phosphorus i n  Munro Lake d u r i n g  t h e  
S p r i n g  ( T a b l e  111). The g e n e r a l l y  h i g h  " a v a i l a b l e  N / a v a i l a b l e  P" 
r a t i o  ( T a b l e  111) s u g g e s t s  t h a t  Munro L a k e ' s  a l g a l  p r o d u c t i o n  i s  
u s u a l l y  l i m i t e d  p r i m a r i l y  by t h e  a v a i l a b i l i t y  o f  Phosphorus .  
L i g h t  p e n e t r a t i o n  i n  Munro Lake i s  v e r y  h i g h ,  S e c c h i  d e p t h  
measurements  exceeded 10  f e e t ,  and i n d i c a t e  a  s u b s t a n t i a l  amount 
o f  l i g h t  a t  t h e  bo t tom,  p r o v i d i n g  s u f f i c i e n t  ene rgy  f o r  p h o t o -  
s y n t h e s i s  by r o o t e d  a q u a t i c  v e g e t a t i o n ,  which i s  a c c o r d i n g l y  
abundan t  i n  most  o f  t h e  l a k e .  
The a p p a r e n t  c o l o r  o f  t h e  w a t e r  was documented u s i n g  a  
F o r e l - U l e  c o l o r  s c a l e  (Hutchinson 1 9 6 7 ) .  The s c a l e  r e a d i n g  o f  
14 r e p r e s e n t s  a  y e l l o w - g r e e n  c o l o r ,  p r o b a b l y  caused  by l i g h t  
s c a t t e r i n g  from t h e  abundant  d i a t o m s ,  a s  w e l l  a s  o t h e r  p a r t i c l e s ,  
i n  t h e  l a k e .  
T R O P H I C  STATUS 
Lakes undergo  a  p r o c e s s  o f  "aging" ,  termed e u t r o p h i c a t i o n .  
S e d i m e n t a t i o n  c a u s e s  a  f i l l i n g  i n  o f  t h e  b a s i n ,  and a l g a l  and 
v a s c u l a r  p l a n t  p r o d u c t i o n  g r a d u a l l y  i n c r e a s e s .  The end r e s u l t  i s  
u s u a l l y  a  w e t l a n d .  The r a t e s  o f  e u t r o p h i c a t i o n  appea r  t o  d i f f e r  
s u b s t a n t i a l l y  a c c o r d i n g  t o  t h e  p a r t i c u l a r  l a k e  i n v o l v e d ;  t h e  
p r o c e s s  may be a f f e c t e d  c o n s i d e r a b l y  by t h e  s i z e  and chemica l  
c h a r a c t e r i s t i c s  o f  t h e  w a t e r s h e d ,  t h e  d e g r e e  o f  p r o t e c t i o n  and 
d e p t h  o f  t h e  l a k e  b a s i n ,  and t h e  k i n d s  o f  p l a n t s  a l o n g  t h e  l a k e  
marg in .  Thus ,  l a k e s  a l l  d i s p l a y  u n i q u e  c h a r a c t e r i s t i c s .  L i m n o l o g i s t s  
have n o n e t h e l e s s  a t t e m p t e d  t o  c l a s s i f y  l a k e s  i n t o  c e r t a i n  b road  
c a t e g o r i e s .  A commonly used  c l a s s i f i c a t i o n  s y s t e m ,  w i t h  some o f  
t h e  c h a r a c t e r i s t i c s  which d e f i n e  each  c a t e g o r y ,  i s  p r e s e n t e d  i n  
T a b l e  I V .  
T a b l e  I V .  F e a t u r e s  c o n t r a s t i n g  O l i g o t r o p h i c  and E u t r o p h i c  Lakes 
( a f t e r  Cole 1975) 
O l i g o t r o p h i c  -
deep and s t e e p  banked s h a l l o w ;  b road  l i t t e r a l  zone 
b l u e  o r  g r e e n  w a t e r  g r e e n  t o  y e l l o w i s h  o r  brownish 
g r e e n  
h i g h  l i g h t  p e n e t r a t i o n  l i m i t e d  l i g h t  p e n e t r a t i o n  
w a t e r  poor  i n  p l a n t  n u t r i e n t  p l a n t  n u t r i e n t s ,  and Ca++,  abundant  
s e d i m e n t s  low i n  o r g a n i c  m a t t e r  v e r y  o r g a n i c  s e d i m e n t s  
oxygen abundant  a t  a l l  d e p t h s  oxygen u s u a l l y  d e p l e t e d  i n  d e e p e r  
a t  a l l  t i m e s  w a t e r  
v a s c u l a r  p l a n t s  n o t  abundant  v a s c u l a r  p l a n t s  abundant  
low p h y t o p l a n k t o n  d e n s i t i e s  h i g h  p h y t o p l a n k t o n  d e n s i t i e s  
p r o f u n d a l  b e n t h o s  d i v e r s e  p r o f u n d a l  b e n t h o s  c o n s i s t i n g  o f  
o n l y  a  few o x y g e n - t o l e r a n t  s p e c i e s  
Lakes showing i n t e r m e d i a t e  c h a r a c t e r i s t i c s  a r e  u s u a l l y  te rmed 
"meso t roph ic ' ' .  Thus ,  t h e  p r o c e s s  o f  e u t r o p h i c a t i o n  i n v o l v e s  
g r a d u a l  p r o g r e s s i o n  from an i n i t i a l l y  o l i g o t r o p h i c  s t a t e  t o  a  
more m e s o t r o p h i c ,  and f i n a l l y  e u t r o p h i c  c o n d i t i o n .  
A more r e c e n t l y  p roposed  sys t em o f  c l a s s i f i c a t i o n ,  termed 
t h e  T r o p h i c  S t a t e  I n d e x ,  a t t e m p t s  t o  r ank  l a k e s  on t h e  b a s i s  of  
s i n g l e  e a s i l y  measured l a k e  c h a r a c t e r i s t i c s .  Three  such  c h a r a c t e r i s t i c s  
a r e  w i n t e r  ( o r  e a r l y  s p r i n g )  phosphorus  c o n c e n t r a t i o n s ,  summer 
c h l o r o p h y l l - a  c o n c e n t r a t i o n s  ( a  measure o f  a l g a l  b i o m a s s ) ,  and 
summer S e c c h i  d e p t h  ( C a r l s o n  1 9 7 7 ) .  The h i g h  l i g h t  p e n e t r a t i o n  
and l i m i t e d  d e p t h  of  Munro Lake make S e c c h i  d e p t h  measurement an 
i n a c c u r a t e  o n e ,  t h e  S e c c h i  d i s k  e n t e r i n g  t h e  f l o c c u l e n t  s e d i m e n t s  
w h i l e  s t i l l  r e a d i l y . v i s i b l e  from t h e  s u r f a c e .  The v a r i a b i l i t y  o f  
w i n t e r  and s p r i n g  phosphorus  c o n c e n t r a t i o n s  i n  Munro Lake s i m i l a r l y  
makes a r e l i a b l e  e s t i m a t e  o f  t h e  l a k e ' s  T r o p h i c  S t a t e  Index  
d i f f i c u l t .  E s t i m a t e s  o f  summer c h l o r o p h y l l - a  c o n c e n t r a t i o n s  were 
a c c o r d i n g l y  chosen  a s  t h e  b a s i s  f o r  t h e  e v a l u a t i o n  o f  a  T r o p h i c  
S t a t e  Index  f o r  Munro Lake.  
C h l o r o p h y l l - a  measurements  were t a k e n  u s i n g  a  Turne r  Model I 1 1  
F l u o r o m e t e r .  Ch lo rophy l l - a  c o n c e n t r a t i o n  was r e l a t e d  t o  T r o p h i c  
S t a t e  Index  (TSI)  u s i n g  t h e  e q u a t i o n :  
TSI = 1 0 ( 6  - l o g Z  7 . 7  
j c h l - a )  - 6 8 )  ( C a r l s o n ,  1977) (1)  
Low TSI v a l u e s  t h u s  t y p i f y  o l i g o t r o p h i c  l a k e s ;  v a l u e s  e x c e e d i n g  
54 a r e ,  i n  c o n t r a s t ,  u s u a l l y  a s s o c i a t e d  w i t h  e u t r o p h i c  l a k e s .  
Munro Lake can  b e  s e e n  t o  co r re spond  more c l o s e l y  i n  i t s  
p h y s i c a l  and chemica l  c h a r a c t e r i s t i c s  t o  a  e u t r o p h i c  l a k e .  I t s  
s h a l l o w  b a s i n ,  y e l l o w - g r e e n  w a t e r ,  abundant  P and N ,  t h e  h i g h l y  
o r g a n i c  n a t u r e  of  i t s  s e d i m e n t s ,  and t h e  p r e s e n c e  o f  l a r g e  s t a n d s  
of a q u a t i c  v a s c u l a r  p l a n t s ,  a l l  conform t o  t h e  c h a r a c t e r i z a t i o n  
of  e u t r o p h y .  When r a t e d  a g a i n s t  o t h e r  l a k e s  of t h i s  r e g i o n  on 
t h e  b a s i s  of  i t s  c h l o r o p h y l l - a  c o n t e n t ,  Munro Lake has  been d e s c r i b e d  
(S temberge r ,  u n p u b l i s h e d  d a t a )  a s  m e s o t r o p h i c  ( F i g .  4 ) .  However, 
t h i s  a s s e s s m e n t  i s  based  upon c o n c e n t r a t i o n s  o f  c h l o r o p h y l l - a  j u s t  
b e n e a t h  tlse s u r f a c e .  Our d a t a  s u g g e s t  t h a t  Munro Lake p o s s e s s e s  
u n u s u a l l y  h i g h  amounts of  c h l o r o p h y l l - a  n e a r  t h e  i n t e r f a c e  between 
t h e  w a t e r  column and t h e  f l o c c u l e n t  f a l s e  bot tom o f  t h e  l a k e  (Tab le  I ) .  
I f  t h e s e  f o u r  c h l o r o p h y l l - a  measurements  a r e  a v e r a g e d ,  t h e  r e s u l t a n t  
TSI assumes a  v a l u e  of 65 ,  c e r t a i n l y  v e r y  h i g h  f o r  l a k e s  i n  t h i s  
r e g i o n  and more i n  c o n c e r t  w i t h  t h e  o b s e r v e d  e u t r o p h i c  c h a r a c t e r i s t i c s  
of t h e  l a k e .  R e s u l t s  from t h e  S e l f - H e l p  Program ( I n l a n d  Lake 
S e l f - H e l p  Program Annual R e p o r t ,  1977)  f o r  Munro Lake f o r  1977 
were an a v e r a g e  o f  21 .3  mg m-3 c h l o r o p h y l l - a ,  which a l s o  c o n f e r s  a  . 
1 
h i g h  TSI of  6 0 ,  a g a i n  s u p p o r t i n g  t h e  c l a s s i f i c a t i o n  o f  Munro Lake 
a s  a  e u t r o p h i c  l a k e .  
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FISH PRODUCT1 ON 
A g e n e r a l i z e d  food-web d iag ram o f  Munro Lake ( F i g .  5 )  emphasizes  
t h e  d u a l  impor tance  o f  t h e  a q u a t i c  v a s c u l a r  p l a n t s  and phy top lank ton  
a s  b a s e s  o f  f i s h  p r o d u c t i o n .  The p h y t o p l a n k t o n  were dominated by 
t h e  c o l o n i a l  d ia tom F r a g i Z a r i a  c r o t o n e n s i s ,  which compr ised  8 4 %  
o f  t o t a l  a l g a l  abundance .  O the r  g e n e r a  found i n  t h e  l a k e  a r e  
l i s t e d  i n  T a b l e  V .  The dominance of  d i a toms  i s  i n d i c a t i v e  of  
ha rdwa te r  l a k e s  w i t h  s u f f i c i e n t  S i 0 2  (Hutch inson ,  1 9 6 7 ) .  
The r o o t e d  a q u a t i c  v a s c u l a r  p l a n t s  were d i s t r i b u t e d  a c c o r d i n g  
t o  w a t e r  d e p t h  and s u b s t r a t e  t y p e .  Sandy,  mar l  cove red  sed imen t s  
n e a r  s h o r e  were found t o  be u t i l i z e d  p r i m a r i l y  by emergent  v e g e t a t i o n ,  
i n c l u d i n g  t h e  b u l r u s h e s  S c i r p u s  a c u t u s  and S .  amer icanus ,  s e v e r a l  
s e d g e s  (Carex spp .  ) and f l o w e r i n g  r u s h e s  ( Juncus  s p p .  ) . P a t c h e s  
of s m a l l  submergent  p l a n t s ,  Chara s p .  and Najas  f l e x i l i s ,  were 
a l s o  abundan t .  Shal low p r o t e c t e d  a r e a s  w i t h  more f l o c c u l e n t  
s e d i m e n t s  c o n t a i n e d  a  d i v e r s e  community o f  t h e  w a t e r  m i l f o i l  
Myriopkyllum e x a l b e s c e n s ,  t h e  pondweeds Potamogeton gramineus and 
P. n a t a n s ,  t h e  b u r  r e e d  Sparganium a n g u s t i f o l i u m ,  and t h e  f r a g r a n t  
w a t e r  l i l y  flympkaea o d o r a t a .  P. n a t a n s  and P. p r a e l o n g u s  were t h e  
c h i e f  forms of  v e g e t a t i o n  i n  t h e  c e n t e r  o f  t h e  l a k e ,  domina t ing  
t h e  s h a l l o w e r  and d e e p e r  a r e a s  r e s p e c t i v e l y .  There  i s  h i g h  a g r e e -  
ment between t h e  d i s t r i b u t i o n  o f  t h e  emergent  p l a n t s  and t h e  
p r e s e n c e  o f  f i r m  m a r l y  sand  s e d i m e n t s .  The d i s t r i b u t i o n  o f  pond- 
Large F i s h  ( i e .  s u n f i s h e s  such a s  r o c k b a s s ,  
b l u e g i l l  pumpkinseed and 
l o n g e a r  s u n f i s h .  P e r c h e s ,  
s m a l l  mouth b a s s ,  l a r g e  mouth 
b a s s  and p i k e s . )  
/' Smal l  F i s h  ( ? e .  l a r v a l  and p r e j u v e n i l e  s t a g e s  
1 o f  a l l  s p e c i e s ;  s m a l l  minnows, 
,/ ex .  s h i n k r s . )  
\ \ Sucker s  
Zooplankton  -----? Ben h" I 
( i e .  Mic roscop ic  a n i m a l s  ( i e .  s m a l l  s n a i l s  and clams 
such  a s  Daphnia and i n s e c t  l a r v a e  
Cyclops)  worms and some c r u s t a c e a n s )  
'' \ Decaying 
' \ o r g a n i c  m a t t e r  
P h y t o p l a n k t o n  ( a l g a e )  
A q u a t i c  V a s c u l a r  





- - - - - - - --  
PRIMARY PRODUCERS 
-- - - - -- - - 1 
F i g .  5 Food Web Diagram o f  Munro Lake 
16  
weeds i s  s i m i l a r l y  h i g h l y  c o r r e l a t e d  w i t h  t h e  p r e s e n c e  of  f l o c c u l e n t  
o r g a n i c  sed imen t s  i n  t h e  l a k e .  The a q u a t i c  v a s c u l a r  p l a n t s ,  
t o g e t h e r  w i t h  t h e i r  a t t a c h e d  a l g a e  ( p e r i p h y t o n )  s e r v e  b o t h  a s  
a t t a c h m e n t  and a s  a  food s o u r c e  f o r  a d i v e r s e  i n v e r t e b r a t e  community 
which i s  u l t i m a t e l y  u t i l i z e d  by f i s h .  The v a s c u l a r  p l a n t s  i n  f a c t  
c o n s t i t u t e  t h e  o n l y  f i r m  s u b s t r a t e  c a p a b l e  o f  s u p p o r t i n g  t h e s e  
organisms i n  t h e  c e n t r a l  p o r t i o n  o f  t h e  l a k e .  Most of  t h e  b e n t h i c  
p r o d u c t i v i t y  i n  Munro Lake ,  however ,  u n d o u b t e d l y  o c c u r s  a l o n g  t h e  
l a k e  marg ins .  The m a j o r i t y  o f  b e n t h i c  organisms c o l l e c t e d  were 
a q u a t i c  i n s e c t s  a s s o c i a t e d  w i t h  sandy s u b s t r a t e s  i n  t h e  l a k e .  
The z o o p l a n k t o n ,  which c o n s t i t u t e  t h e  p r i n c i p a l  consumers o f  
a l g a e  i n  Munro Lake,  and a r e  i n  t u r n  h e a v i l y  u t i l i z e d  by most o f  
t h e  f i s h  s p e c i e s ,  c o n s i s t e d  ma in ly  o f  r o t i f e r s  and s m a l l  c r u s t a c e a n  
s p e c i e s  (Tab le  V). The g e n e r a l l y  s m a l l  s i z e  o f  t h e  s p e c i e s  p r e s e n t  
r e d u c e s  t h e i r  v i s i b i l i t y  t o  f i s h  and i s  a commonly obse rved  e f f e c t  
o f  a  l a r g e  f i s h  p o p u l a t i o n  i n  a  s h a l l o w  l a k e  w i t h  good v i s i b i l i t y  
t o  t h e  bot tom.  
The r e l a t i v e l y  low f i s h i n g  p r e s s u r e  and h i g h  p r o d u c t i v i t y  of  
Munro Lake r e s u l t  i n  h i g h  q u a l i t y  f i s h i n g  f o r  l a k e  r e s i d e n t s .  A s  
shown by a  Department  o f  N a t u r a l  Resources  s u r v e y  o f  t h e  l a k e  i n  
1 9 6 8  (Tab le  V I ) ,  t h e  a v e r a g e  s i z e s  o f  a l l  major  f i s h  s p e c i e s  i n  
Munro Lake exceeded s t a t e  a v e r a g e s .  Whereas p e r i o d i c  w i n t e r  k i l l s  
do o c c u r ,  t h e y  a p p a r e n t l y  have n o t  o c c u r r e d  w i t h  s u f f i c i e n t  f r equency  
t o  s h i f t  t h e  f i s h  community away from t h e  p r e s e n t  dominance by 
p i k e  and c e n t r a r c h i d  f i s h e s  ( b a s s ,  s u n f i s h )  t o  a  community dominated 
by f i s h  more t o l e r a n t  o f  low oxygen c o n c e n t r a t i o n  s u c h  a s  brown 
b u l l h e a d s  and w h i t e  s u c k e r s .  
T a b l e  V .  G e n e r a  o f  P l a n k t o n  found  i n  Munro L a k e ,  J u l y  7 ,  1 9 7 8  
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P i n n u l a r i a  
S t a u r o n e i s  
Synedra  






~ e r i s m o p e d i a  
Z O O P L A N K T O N  
R O T 1  FERS 
Asp lanchna  
CoZZotheca 
Conoch iZo ides  
Conochi  Zus 
Hexar th ra  
KerateZ l a  
Lecane 
PoZyar th ra  
T r i c h o c e r c a  
CRUSTACEA 
Bosmina 
C e r i o d a p h n i a  





Cera t ium  
T a b l e  V I .  P r i n c i p a l  F i s h  S p e c i e s  o f  Munro Lake (from 
DNR s u r v e y ,  7 - 2 4 - 6 8 ) .  
Me an 
Age Number Length S t a t e  Avg. 
S p e c i e s  C l a s s  C o l l e c t e d  ( i n c h e s )  ( i n c h e s )  
Nor the rn  P i k e  I 
I I 
111 
I V  
B lueg i  11 V I I I  
X 
Pumpkinseed I I 
Rock Bass I I 
Largemouth Bass I11 
Yellow Perch  I I 
I I I 
I V  
v 
NUTRIENT LOADING 
The h i g h  c h l o r o p h y l l - a  v a l u e s  and abundant  a q u a t i c  v a s c u l a r  
p l a n t s  i n  Munro Lake i n d i c a t e  a  g e n e r a l l y  h i g h  r a t e  o f  n u t r i e n t  
f l o w  i n t o  t h e  l a k e .  S i n c e  a v a i l a b l e  phosphorus  appea red  t o  be  
t h e  n u t r i e n t  most l i m i t i n g  t o  p l a n t  growth (Tab le  TIT) ,  t h e  s o u r c e s  
and r a t e s  o f  phosphorus  f l o w  i n t o  t h e  l a k e  were examined. 
The c o n c e p t u a l  framework f o r  t h e  phosphorus  l o a d i n g  a n a l y s i s  
summarized h e r e  i s  p r o v i d e d  by D i l l o n  and R i g l e r  (1975) .  T h e i r  
model p e r m i t s  t h e  p r e d i c t i o n  o f  b o t h  t h e  w i n t e r  ( o r  e a r l y  s p r i n g )  
phosphorus  c o n c e n t r a t i o n  and summer mean c h l o r o p h y l l - a  v a l u e  o f  a  
l a k e  b a s e d  upon an  a s s e s s m e n t  o f  t h e  l a n d  u s e  and e x t e n t  of  i t s  
w a t e r s h e d ,  a s  w e l l  a s  t h e  morphometr ic  c h a r a c t e r i s t i c s  o f  t h e  l a k e  
i t s e l f :  
[ P I  = L ( l - R )  ( D i l l o n  4 R i g l e r  1975) ( 2 )  
2 P  
I n  t h e i r  model ,  [ P I  = t h e  p r e d i c t e d  c o n c e n t r a t i o n  o f  w i n t e r  
( o r  e a r l y  S p r i n g )  p h o s p h o r u s ,  L = t h e  t o t a l  phosphorus  " l o a d i n g "  
e x p r e s s e d  on a  y e a r l y  b a s i s ,  R = t h e  f r a c t i o n  o f  t h i s  l o a d i n g  which 
i s  n o t  l o s t  i n  t h e  o u t f l o w ,  2 = t h e  mean d e p t h  o f  t h e  l a k e ,  and 
i) = t h e  f l u s h i n g r a t e ,  e x p r e s s e d  a s  a  f r a c t i o n  o f  t h e  t o t a l  l a k e  
volume . 
Values  f o r  Munro Lake which were used  i n  t h i s  model a r e  
summarized i n  T a b l e  V T I .  These  v a l u e s  were d e r i v e d  from p r e v i o u s  
studies of hydrology and land use in this region and must be 
considered as rough estimates rather than direct measurements. Use 
of the model nonetheless permits some significant general conclusions, 
and directs attention to particular areas of concern in maintaining 
the present water quality in Munro Lake. 
Yearly loading (L) of phosphorus was estimated as the sum of 
inputs from groundwater originating in various land use types within 
the watershed, from direct precipitation, and from septic tanks along 
the lakeshore. In order to obtain estimates of phosphorus loading 
due to groundwater input, a land use map of the Munro Lake watershed 
was prepared using infra-red satellite photographs of the region, 
together with information from a survey of portions of the watershed 
accessible by car (Fig. 6). This map was then used to obtain areal 
estimates of "MOSTLY AGRICULTURAL," "FOREST," and "URBAN" land. 
Phosphorus loading values were then applied using estimates by 
Omernik (1976). An estimated 57% of the watershed is characterized 
as "MOSTLY AGRICULTURAL" land, a designation which includes heavily 
fertilized cropland as well as fallow fields and rangeland used for 
grazing. This component of the watershed contributes the majority 
( -  65%) of the phosphorus entering the lake as groundwater. "FOREST" 
comprises 37% of the watershed but contributes only another 22% of 
the total. The remaining 13% of watershed loading originates from 
the lawns, gardens, etc. associated with residences around the lake, 
designated as "URBAN." This figure does not include septic tank 
runoff, however, which is considered separately. Groundwater supply 
of phosphorus from the watershed (Jb) is thus estimated at 101.6 
kgeyr-', or 58% of total input (Table VII). 
WATERSHED MAP OF  MUNRO LAKE 
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F i g .  7 S o i l  t y p e s  t o  a  d i s t a n c e  o f  1000 f t .  from t h e  l a k e s h o r e .  
t 
The s e c o n d  most  i m p o r t a n t  s o u r c e  o f  p h o s p h o r u s  l o a d i n g  was 
found  t o  o c c u r  t h r o u g h  d i r e c t  we t  and d r y f a l l  p r e c i p i t a t i o n .  
A p p r o x i m a t e l y  3 0 %  o f  t o t a l  y e a r l y  l o a d i n g  t o  Munro Lake e n t e r s  t h e  
l a k e  d i r e c t l y  f rom t h e  a t m o s p h e r e .  
I n  o r d e r  t o  a s s e s s  t h e  e f f e c t s  o f  s e p t i c  t a n k s  upon p h o s p h o r u s  
l o a d i n g  i n  Munro Lake ,  t h e  c l a s s  assumed a  t o t a l  o f  56  t e m p o r a r y  
and  4 p e r m a n e n t  r e s i d e n c e s  on t h e  l a k e .  The number o f  y e a r - r o u n d  
r e s i d e n t s  was e s t i m a t e d  a t  1 0 .  Temporary r e s i d e n t s '  u s e  o f  s e p t i c  
t a n k s  on t h e  l a k e  was e v a l u a t e d  by a s s u m i n g  t h e  a v e r a g e  summer 
r e s i d e n c e  t o  c o n t a i n  2 p e o p l e  f o r  3 months  o f  t h e  y e a r ,  o r  a n  
e q u i v a l e n c e  o f  . 5  p e o p l e  p e r  y e a r  p e r  c o t t a g e .  S e p t i c  t a n k s  a r e  
known t o  r e c e i v e  a b o u t  . 8  kg P p e r  y e a r  p e r  u s e r  ( D i l l o n  4 R i g l e r  
1 9 7 5 ) .  T h a t  p o r t i o n  o f  t h e  p h o s p h o r u s  n o t  r e t a i n e d  i n  t h e  d r a i n -  
f i e l d  o r  o t h e r w i s e  t r a p p e d  by  t h e  s o i l  o r  i t s  v e g e t a t i o n  e n t e r s  t h e  
l a k e .  Most o f  t h e  c o t t a g e s  on Munro Lake a r e  s e e n  t o  be  s i t u a t e d  
on Ogemaw Sandy Loam, G r a v e l l y  P h a s e  ( F i g .  7 )  which  h a s  p o o r  
p h o s p h o r u s  r e t e n t i o n  ( F o s t e r  e t  a l . ,  1 9 3 9 ) .  S e p t i c  t r e a t m e n t  was -- 
t h e r e f o r e  e s t i m a t e d  t o  remove o n l y  3 0 %  o f  p h o s p h o r u s  e n t e r i n g  a s  
h o u s e h o l d  w a s t e s  and  human e x c r e m e n t .  N o n e t h e l e s s ,  t h e  c o n t r i b u t i o n  
o f  s e p t i c  t a n k  e f f l u e n t s  t o  t o t a l  p h o s p h o r u s  l o a d i n g  i s  e s t i m a t e d  a t  
- 1 2 1 . 3  k g - y r  , o n l y  1 2 %  o f  t o t a l  l o a d i n g  a t  t h e  p r e s e n t  t i m e .  
Munro L a k e ' s  r e l a t i v e l y  s h a l l o w  morphometry  i s  d i s a d v a n t a g e o u s  
w i t h  r e g a r d  t o  n u t r i e n t  l o a d i n g ,  s i n c e  t h e r e  i s  r e l a t i v e l y  l i t t l e  
w a t e r  t o  d i l u t e  t h e s e  i ncoming  p l a n t  n u t r i e n t s .  The l a k e  h a s  a  
r a p i d  f l u s h i n g  r a t e  ( p ) ,  however ,  and  e m p t i e s  an  e s t i m a t e d  7 7 %  o f  
i t s  w a t e r  volume e a c h  y e a r ,  much o f  i t  t o  L a n c a s t e r  Lake .  T h u s ,  
much o f  t h e  i ncoming  p h o s p h o r u s  i s  e x p o r t e d  o u t  o f  t h e  l a k e .  
Based upon t h e s e  e s t i m a t e s ,  t h e  D i l l o n  and R i g l e r  model 
p r e d i c t e d  a  w i n t e r  ( o r  e a r l y  s p r i n g )  phosphorus  c o n c e n t r a t i o n  o f  
- 5 8 . 2  mg m which u n d e r e s t i m a t e s  t h e  o n l y  a c t u a l  w i n t e r  measurement 
- 3 
o f  phosphorus  o f  2 2 . 7  mg m t a k e n  on t h e  l a k e  ( W i n t e r ,  1974,  
Gannon, u n p u b l i s h e d  d a t a ) .  The model may a l s o  be used  t o  p r e d i c t  
summer c h l o r o p h y l l - a  c o n c e n t r a t i o n ,  u s i n g  t h e  e q u a t i o n :  
l o g l o  
[ c h l - a ]  = 1 . 4 5  loglO [PI - 1 . 1 4  ( D i l l o n  and R i g l e r  ) ( 3 )  
- 3 The p r e d i c t e d  v a l u e  o f  1 . 5  mg m c h l o r o p h y l l - a  a l s o  g r o s s l y  
u n d e r e s t i m a t e s  t h e  a c t u a l  c o n c e n t r a t i o n s  measured by t h e  c l a s s ,  and 
by t h e  Michigan S e l f  Help Program a s  d i s c u s s e d  p r e v i o u s l y .  
Munro Lake i s  s u b j e c t  t o  an  a d d i t i o n a l  s o u r c e  o f  phosphorus 
l o a d i n g  n o t  i n c l u d e d  i n  t h e  D i l l o n  and R i g l e r  model ,  t h a t  p r o v i d e d  
by r e g e n e r a t i o n  o f  phosphorus  from t h e  l a k e  s e d i m e n t s .  I t s  s h a l l o w  
b a s i n  morphology r e s u l t s  i n  p e r i o d i c  wind d r i v e n  r e s u s p e n s i o n  o f  t h e  
f l o c c u l e n t  s i l t  o f  t h e  l a k e  bo t tom,  and s u b j e c t s  o r g a n i c a l l y  bound 
phosphorus  t r a p p e d  i n  t h e s e  s e d i m e n t s  t o  m i n e r a l i z a t i o n  th rough  
b a c t e r i a l  decay .  T h i s  phosphorus  i s  t h u s  made a v a i l a b l e  f o r  u p t a k e  
by a l g a e ,  and may g r e a t l y  enhance  o v e r - a l l  p r i m a r y  p r o d u c t i v i t y .  
Phosphorus r e l e a s e  from t h e  s e d i m e n t s  i s  a l s o  f a c i l i t a t e d  by t h e  
p r e s e n c e  o f  a n o x i c  c o n d i t i o n s  a t  t h e  s e d i m e n t - w a t e r  i n t e r f a c e .  
Phosphorus ,  which i s  t r a p p e d  i n  t h e  s e d i m e n t s  when oxygen i s  p r e s e n t ,  
e s c a p e s  t o  t h e  w a t e r  column when t h i s  oxygen i s  d e p l e t e d ,  e s p e c i a l l y  
d u r i n g  w i n t e r s  o f  heavy i c e  and snow c o v e r .  T h i s  phosphorus  l i k e w i s e  
c o n t r i b u t e s  t o  i n c r e a s e d  a l g a l  growth  (Wetze l ,  1 9 7 5 ) .  
A s i g n i f i c a n t  p o r t i o n  o f  t h e  t o t a l  n u t r i e n t  l o a d i n g  and h i g h  
p r o d u c t i v i t y  o b s e r v e d  i n  Munro Lake may t h e r e f o r e  b e  due t o  t h e  i n t e r n a l  
c y c l i n g  o f  phosphorus  w i t h i n  t h e  l a k e  i t s e l f .  While t h e  s e d i m e n t s  
of  d e e p e r ,  o l i g o t r o p h i c  l a k e s  s e r v e  a s  n u t r i e n t  " t r a p s , "  r e t a i n i n g  
o r g a n i c a l l y  bound p h o s p h o r u s ,  t h e  s e d i m e n t s  o f  s h a l l o w ,  h i g h l y  
p r o d u c t i v e  l a k e s  s u c h  a s  Munro Lake a r e  f r e q u e n t l y  s u b j e c t  t o  b o t h  
r e s u s p e n s i o n  and a n o x i a ,  and  r e l e a s e  much o f  t h e i r  phosphorus  t o  
t h e  w a t e r  column. Reducing e x t e r n a l  phosphorus  l o a d i n g  from t h e  
w a t e r s h e d  can  be  e x p e c t e d  t o  have l i t t l e  immediate  e f f e c t  upon 
r e v e r s i n g  t h e  e u t r o p h i c a t i o n  p r o c e s s  i n  such  l a k e s .  
T a b l e  VI I .  Summary S t a t i s t i c s  f o r  D i l l o n  6 R i g l e r ' s  (1975)  
P h o s p h o r u s - L o a d i n g  Model a s  A p p l i e d  t o  Munro Lake 
A .  P a r a m e t e r  Used 
Symbol P a r a m e t e r  Va lue  Sou rce  
*o l a k e  s u r f a c e  a r e a  2 . 1 4  x l o 6  m 2  
l a k e  mean d e p t h  1 . 4 4  m 
l a k e  volume 6  3 3 . 1 2  x 1 0  m 
l a k e  d r a i n a g e  a r e a  7 . 0 8  x 106  m 2  
t o t a l  a n n u a l  u n i t  r u n o f f  . 2 9  m y r - 1  P e n t l a n d  (1968)  
mean a n n u a l  p r e c i p i t a t i o n  . 794  m y r - I  R i c h a r d s o n  -- e t  a l .  (1978)  
mean a n n u a l  l a k e  e v a p o r a t i o n  . 624  m y r - l  P e c o r  -- e t  a l .  (1973)  
number o f  s e a s o n a l  c o t t a g e s  56 
number o f  pe rmanen t  homes 4  
s e p t i c  f i e l d  r e t e n t i o n  0 . 3  a d a p t e d  f rom F o s t e r  
c o e f f i c i e n t  e t  a l .  (1939) 
p h o s p h o r u s  l o a d i n g  f rom 2 . 5  x kg Ganno6-((1978) 
p r e c i p i t a t i o n  m-2 y r - l  
B .  Wa te r shed  C h a r a c t e r i z a t i o n  (P e x p o r t  v a l u e s  a d a p t e d  f rom Omernik,  1976)  
Land Use Area  (km2) P  e x p o r t  (Kg ~ m - '  y r - l )  P  s u p p l y  (Kg y r - l )  
M o s t l y  a g r i c u l t u r a l  4 . 0 1  
F o r e s t  2 . 6 5  
Urban 0 . 4 2  
T o t a l  P  s u p p l y  f rom d r a i n a g e  b a s i n  ( J d )  = 1 0 1 . 6  
C .  E q u a t i o n s  f o r  t h e  c a l c u l a t i o n  o f  o t h e r  p a r a m e t e r s  
Symbol P a r a m e t e r  E q u a t i o n  
Q t o t a l  o u t f l o w  volume Q = A d - r  + A. ( P r - E v )  = 2 . 4  x 106  m3 y r - l  
P f l u s h i n g  r a t e  p  = Q/V = . 7 7  y r - 1  
9 s  a r e a l  w a t e r  l o a d  q s  = Q/Ao = 1.1 m y r - 1  
R l a k e  r e t e n t i o n  R = 0 . 4 2 6  EXP(-0 .271  q s )  + 
c o e f f i c i e n t  0 . 5 7 4  EXP(-0.00949 q s )  = 0 .89  
N c ~  number o f  c a p i t a l - y e a r s  Ncy = 0 . 5 - N c  + 2.5.Nd = 38 
a t  l a k e  
J a  P  s u p p l i e d  t o  l a k e  Ja = 0 .8-Ncy  (1-R,) = 2 1 . 3  kg y r - l  
f rom c o t t a g e s  
J~ r P  s u p p l i e d  t o  l a k e  Jpr = L p r . A o  = 5 3 . 5  kg y r - l  
f rom p r e c i p i t a t i o n  
Jt t o t a l  P  s u p p l i e d  t o  J t  = Jd + Jpr + Ja = 1 7 6 . 4  kg yr-l 
l a k e  
L t o t a l  P  l o a d i n g  p e r  L = J t / A o  = 8 2 . 4  mg m - 2  y r - 1  
u n i t  o f  l a k e  s u r f a c e  
[PI p r e d i c t e d  w i n t e r  P [PI = L(1-R) - = 8 . 2  mg m - 3  
c o n c e n t r a t i o n  ZP 
CONCLUSI ONS 
I .  Dredging 
Munro Lake h a s  been d e s c r i b e d  a s  a  e u t r o p h i c  l a k e  w i t h  h i g h  
p r o d u c t i v i t y  and good f i s h i n g ,  b u t  a l s o  w i t h  t h e  e x t e n s i v e  weed 
beds  and o c c a s i o n a l  w i n t e r  k i l l s  which accompany t h e  l a t t e r  s t a g e s  
o f  l a k e  a g i n g .  The l a k e  h a s  a c c o r d i n g l y  been  a  s o u r c e  o f  some 
c o n c e r n  t o  t h e  s h o r e l i n e  r e s i d e n t s ;  an a e r a t o r  was p l a c e d  i n  t h e  
l a k e  d u r i n g  t h e  w i n t e r  of  1978 t o  h e l p  p r e v e n t  w i n t e r  k i l l ,  and 
t h e  l a k e  a s s o c i a t i o n  had begun t o  e x p l o r e  t h e  p o s s i b i l i t y  o f  
d r e d g i n g  a s  a  means of t e m p o r a r i l y  r e v e r s i n g  t h e  e u t r o p h i c a t i o n  p r o c e s s .  
The l imno logy  c l a s s  a d d r e s s e d  t h e  q u e s t i o n  o f  d r e d g i n g  Munro 
Lake from t h e  v i e w p o i n t  o f  what e f f e c t s  t h e  removal o f  s e d i m e n t s  
migh t  have  upon w a t e r  q u a l i t y  and o rgan i sms  i n  t h e  l a k e .  The 
problems o f  what s o r t  o f  d r e d g i n g  equipment  t o  u s e ,  what t o  do w i t h  
t h e  s e d i m e n t s ,  and how t o  f i n a n c e  such  a  p r o j e c t  were n o t  c o n s i d e r e d  
d i r e c t l y .  However, t h e  c l a s s  s t r o n g l y  f e l t  t h a t  o n l y  t h e  removal  
of  t h e  f l o c c u l e n t  s i l t  c h a r a c t e r i s t i c  of  t h e  c e n t r a l  b a s i n s ,  
T u r t l e  Bay n e a r  t h e  o u t f l o w  s t r e a m  t o  L a n c a s t e r  Lake,  and t h e  
s o u t h e r n  end o f  t h e  l a k e  s h o u l d  be  c o n s i d e r e d .  
P o t e n t i a l  changes  i n  t h e  l a k e  were e s t i m a t e d  i n  r e l a t i o n  t o  
d r e d g i n g  o u t  t h i s  s i l t  e i t h e r  t o  t h e  u n d e r l y i n g  g l a c i a l  t i l l  i n  
s h a l l o w e r  a r e a s ,  o r  t o  a  d e p t h  o f  1 2  f e e t  i n  t h e  d e e p e r  b a s i n s .  
The e f f e c t s  o f  d r e d g i n g  t o  g r e a t e r  d e p t h s  were n o t  c o n s i d e r e d  i n  
detail, although the results would predictably be very different. 
The following effects are predicted following dredging: 
1.) l'he sediment type in the central portion of the lake 
would remain flocculent and highly organic. Sediment cores taken 
at 4 stations on the lake indicate that the silt extends far deeper 
than 12 feet below the water surface in most of this area. Silt 
would be expected to recede somewhat from shallower, near-shore 
areas. 
2.) Because of the lake's large surface area, dredging to a 
depth of 12 feet would probably not change the complete circulation 
of gases and nutrients throughout the water column. The presence 
of oxygen at the sediment-water interface during most of the year, 
considered critical to nutrient "trapping1' by the sediments, should 
not be substantially altered. 
3.) Chemical characteristics of the water, such as pH, 
alkalinity, hardness, and conductivity, should not be affected 
greatly by dredging. 
4.) Light penetration to the bottom would remain sufficiently 
high to permit the regrowth of aquatic vascular plants. particular, 
Potamogeton praelongus could be expected to eventually recolonize 
the central portion of the lake; its tolerance of low light levels 
and rapid growth would probably still permit growth to the surface 
of the lake in late summer. 
5.) During the first several years following dredging, noxious 
algal blooms could be expected, due to (1) increased availability 
of nutrients from the disturbed bottom, and (2) the temporary 
absence of rooted aquatic vascular plants, which compete with the 
algae for these nutrients. 
6.) Due to the increased water volume, depletion of oxygen 
under the ice by respiring plants and animals would be reduced. 
The periodic winter kills of Munro Lake accordingly would occur 
less frequently. 
The general conclusion of the class was that the probable 
cost and temporary disturbances created by dredging in the fashion 
proposed outweighed the minimal improvement in the lake's water 
quality which would result. In particular, it was felt that better 
alternatives were available to reduce the occurrence of fish winter 
kills. 
I I. Nutrient Loading 
An analysis of P-loading into Munro Lake, based upon Dillon 
and Rigler's (1975) model, supported the following conclusions: 
1.) Runoff from the various land use types in the Munro Lake 
watershed constituted 58% of the total P loading into the lake 
from external sources, contributing an estimated 101.6 Kg P to the 
lake per year. Of this amount, about 2/3 was attributed to 
agricultural sources. 
2.) Approximately 37% of the watershed is not presently utilized 
for either agricultural or home development. These lands contribute 
only 22% of the P loading from the watershed. Their presence in 
the watershed is therefore highly desirable and helps to limit the 
overall P loading to Munro Lake. 
3.) Residential development has apparently had minimal impact 
upon the lake to date. Gradually increasing conductivity values 
in the lake since the 1930's are indicative of slight increases 
in overall nutrient addition to the lake, and are probably related 
to increased numbers of cottages during the past several decades. 
In general, the contributions of residential portions of the water- 
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shed (lawns, etc.) and the effluent from septic tanks along the 
lakeshore, are small, and were estimated as 8% and 12% of the 
total P loading (Jt) to the lake, respectively. 
4.) Much of the phosphorus supporting the high productivity 
of Munro Lake may be due to internal recycling from the sediments. 
While difficult to quantify, the existence of substantial P regenera- 
tion from the sediments is supported by the underestimations of P 
and chlorophyll-a concentrations provided by the Dillon and Rigler 
model, as well as by our knowledge of the importance of this process 
in shallow, eutrophic lakes. 
The comparatively small watershed and limited residential 
development around Munro Lake presently help to keep the lake 
relatively clean despite its naturally eutrophic state. The lake 
is highly productive, with good fishing, and yet at the same time 
retains remarkable water clarity, without the noxious algal blooms 
which often accompany shallow and highly developed lakes. Whereas 
dredging the lake appears to be financially impractical, the present 
water quality in Munro Lake can at least be maintained by careful 
planning in the future development of its watershed. 
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